The kinetics of Wittig-Horner reaction between several middle-active phosphonates and substituted benzaldehydes, and the effect of substituents which bond on phosphonates and benzaldehydes respectively on the reaction rate have been studied. Experimental findings are consistent with intermediate formation being the rate-determining step. The substituents on phosphonates play an important part in the formation of the intermediate. Large negative entropy values provide further evidence for the rate-detemining step, and for the intermediate, which probably has a four-membered cyclic structure.
Introduction
Since 1958, when Horner and coworkers [1] first described that phosphonate carbanions can replace Wittig reagent to react with carbonyl compounds. The reaction as a synthetic method has been studied widely. Due to the higher nucleophilicity of phosphonate carbanions, the reaction occurs under milder conditions than the conventional Wittig-reaction, and the products can be easily isolated from the reaction mixture [2] . The mechanism of Witting-Horner reaction has been well studied [3] [4] [5] . But a great part of these was based on the stereochemistry of olefin formation until the reaction kinetics for the reaction ofphosphoryl-stabilized carbanions and substituted benzaldehydes was studied by Larson and Aksnes. They proposed a reaction mechanism from these kinetic studies which involves a four-membered cyclic structure as the reactive intermediate. In this paper, we have studied the kinetics of Wittig-Horner reaction between several moderately active phosphonates and substituted benzaldehydes, by observing the effect of varying substituents on the X (EtO) 2 
Results and Discussion
Larsen and Zhao's results indicate that the reaction are overall third order. First order in phosphonate, ethoxide, and aldehyde respectively [6] [7] [8] .
The mechanism of the reaction may be expressed as follows.
In accordance with steady state approximations, the following rate equation can be given: [ 
The progress of reaction was followed by measuring the absorbance(A) of the substituted aromatic aldehydes or product alkenes, and the equation below was established
The pseudo first order observable rate constants were obtained from the slope of the straight line of the plot of ln (A ∆+t -A t ) versus time t (Figure 1 ) and then k was calculated from it. A series of rate constants and corresponding correlation coefficients between diethyl benzyl phosphonate and various substituted benzaldehyde were obtained at different temperatures and the results are listed in Table 1 . Correlation of log k with a series of the corresponding Hammett σ  values gives satisfactory linear relationship (Figure 2) . Using the least squares method gives the following equations and corresponding correlation coefficient constants As shown in Table 2 , the substituents on the benzaldehyde can influence the reaction rate greatly. The positive sign of the reaction constant, ρ, indicates that the reaction is accelerated by electron withdrawing substituent groups in the p-and m-positions in the aromatic aldehydes and by increasing the reaction temperature.
The calculated reaction constant, ρ, in the Wittig-Horner reaction is considerably lower than that of the analogous Wittig-reaction of ester-stabilized ylides, where ρ is in the range 2.7~3.0. The difference is attributed to the much greater nucleophilicity of the phosphoryl stabilized carbanions when compared to the corresponding ylides.
The result that electron-withdrawing groups enhance, and electron-donating groups decrease the reaction rate is obtained in the same way with the reaction between various substituted diethyl benzyl phosphonates and benzaldehyde. The resulting constants are listed in Table 3 . Regression of log k against the general substituent constants σ gave the following equation with a correlation coefficient constant, γ=0.999.
logk=3.43σ+0.84
ρ Values of the reaction between diethyl benzylphosphonate and substituted benzaldehydes were compared with those of the reaction between substituted diethyl benzylphosphonates and benzaldehyde, we found that all of them are positive and the former is greater; which indicates that substituents on the phosphonates have a great effect on the reaction rate.
The present data support the conclusion that the P-O bond is also being formed in the ratedetermining step, and that the reaction leads directly to the pentacoordinated intermediate. The structure of the reaction intermediate is described as follows. Experimental findings obtained are consistent with intermediate formation in the ratedetermining step, since electron withdrawing groups on phosphonate decrease its basicity, enhance its nucleophilicity and benefit the intermediate formation. Consequently, the reaction rate is increased. So the substituents on phosphonates play an important part in the formation of intermediate. However, electron withdrawing groups on benzaldehyde only increase its electrophilicity and don't benefit the intermediate formation, this result was identified by us with competitive reactions of benzaldehyde and p-nitrobenzaldehyde for the dibutyl α-naphthylmethylphosphonate, so X groups have a greater effect on rate than Y groups. This is why the former ρ value is greater than the latter.
Finally, as shown in Table 4 , the activation parameters ∆E ≠ and ∆S ≠ were calculated according to the correlations between ln k obtained above and the corresponding inverse temperature (1/T) when the rate constants k were experimentally measured at 27 o C, 35. The reaction was started by adding a small volume of aldehyde solution (~10 µL) to a septum-capped UV-cell containing the freshly prepared solution of the sodium ethoxide and phosphonates. The reaction was continued about 90 min, and a data can be taken down per 5 min.
